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The nutrients in both inorganic and organic fertilisers are able to influence the incidence and severity of biotic plant diseases, pests and weeds populations and their impact on the crop. Most of the information on this aspect deals with the effect of nutrients via plant. Individual elements have different roles; in general it can be said that they change the losses caused by pests by influencing plant resistance, alter plant growth and in this way the microclimate in the stand. Increased nutrition used to be prescribed as the first measure to control plant diseases. The most important aspect of this is an increase in the ability of the crop to compensate the losses. The effect of indi- vidual nutrients is very complex -the severity of one plant disease can be decreased, that of others increased (Huber 1980) . It is generally accepted that calcium increases plant resistance, whereas high rates of nitrogen increase the populations of aphids, acari and the incidence of many diseases (Wermelinger et al. 1985) .
A completely different question is the direct effect of the fertilisers on plant pathogens and pests. Information on this is very scarce, with the exception of calcium cyanamide. High rates of urea control Synchytrium endobioticum (Schilb.) Percival in the soil (Tarasova & Beskorovajnyj 1973) . This method is not ecologically acceptable nowadays, because of the extremely high rates of urea applied. Urea is effective in the control of Phellinus noxius (Corn.) G. H. Cunn. which causes brown root disease that is responsible for damage to numerous orchard and forest tree species in the tropics (Chang & Chang 1999) . Several fungicides were tested, but did not decrease the survival of this fungus. On the other hand, 3000 ppm of urea or 400 ppm of NH 3 completely killed the fungus. Ammonia is supposed to be the active agent released from urea. It is toxic to the fungus, increases the pH, and most probably increases the microbial antagonism that reduces survival of the pathogen (Setua & Samaddar 1980 ). An intermediate compound of the hydrolysis of urea in the soil is ammonium carbonate. Homma et al. (1981a, b) successfully used sodium bicarbonate in the control of citrus storage diseases and cucumber powdery mildew. Volatile NH 3 was also lethal to other root rotting fungi (Ganoderma australe (Fr.) Pat. 1890, G. lucidum (Curtis) P. Karst. 1881, G. tropicum (Jungh.) Bres. 1910, rigidoporus vinctus (Berk.) Ryv., Heterobasidion annosum (Fr.) Bref. 1888 and rosellinia necatrix (Hart.) Berk.) (Chang & Chang 1999; Johanson et al. 1998) .
Urea is able to reduce populations of certain soilborne fungi through NH 3 release upon hydrolysis, e.g. Phytophthora sp., Pythium ultimum Trow 1901, thielaviopsis basicola (Berk. et Br.) Ferraris 1912 and Macrophomina phaseolina (Tassi) Goid. 1947 (Tsao & Oster 1981; Chun & Lockwood 1985) .
Another question is the effects of liquid fertilisers, which may directly hit pests and pathogens at spraying. Raja & Kurucheve (2000) studied the farmers' experience that sheep excrements control sheath blight of rice. Sheep urine in a 10% concentration prevented the growth of rhizoctonia solani, production and germination of sclerotia in vitro. Seed treatment with sheep urine enhanced seed germination and vigour of paddy seedlings.
Ammonium sulphate and UAN (urea plus ammonium nitrate in equimolar solution) are often used as spray additives which increase the activity of some pesticides and allow to decrease the hectare rates, e.g. of growth herbicides or glyphosate. UAN alone was toxic not only for the model object tribolium confusum Jacq. du Duval but also for Meligethes aeneus (Fabr.), leptinotarsa decemlineata Say, tetranychus urticae Koch and for the predator coccinella septempunctata L. None of the other tested liquid fertilisers showed insecticidal activity. Most important from the practical point of view is the effect of UAN on M. aeneus because it is applied in winter rape at the time of invasion by the pest. UAN in mixtures with insecticides has a synergistic effect against M. aeneus . Solutions of only urea or ammonium nitrate had no insectidal activity. It means that the insecticidal activity of their equimolar solution is a synergistic effect of both compounds. The mode of action is unknown. We suppose that a decisive factor is the extremely high hygroscopicity of UAN which prevents the spray droplets to dry and in this way enables increased transcuticular penetration by the compounds. UAN also had a synergistic effect in comparison with urea or ammonium nitrate activity alone against agrobacterium tumefaciens (Smith and Townsend 1907) (Veverka et al. 1988) .
The aim of our work was to explore the sensitivity of a range of fungi to urea and ammonium nitrate and to find out if there is any synergistic effect of urea and ammonium nitrate (UAN) against fungi.
MAtEriAlS ANd MEthodS
The tested fungi are listed in Table 1 . They were grown on malt agar at pH 6.8, and cultures incubated at room temperature 21-24°C. Urea, ammonium nitrate or urea + ammonium nitrate (UAN) in equimolar ratio were added to the medium after sterilisation in rates of 0.06, 0.19 and 0.6M (gmol/l, dilution coefficient √10). It means that the concentration of these compounds in UAN was respectively 0.03, 0.095 and 0.3M. The media were poured into Petri dishes of 10 cm diameter. Pieces of fungal mycelia (with or without spores) were transferred to the center of each dish. The growth of fungi was evaluated by the colony diameter on the fourth day after inoculation and expressed as the percentage of that in the control free of tested substances. The trial was performed in six replications.
Another test was performed to determine whether NH 3 is in fact the active substance released from urea by the urease produced by the fungi themselves. Much like the trials described above the concentrations 0.06 and 0.6M of urea and urea with the urease inhibitor NBPT were prepared. The concentration of NBPT was in the same ratio to urea as is used in the field application, i.e. 0.006 ml NBPT per 1 g urea. Apart from representatives of fungi tested in the first trials, isolate No. 261 of colletotrichum acutatum from the culture collection of the Crop Research Institute which does not produce urease (Krátká -personal communication) was included in the trial. No one of the isolates available produced urease.
Since the sensitivity of isolates of each fungal species is variable, it is not possible to precisely compare the sensitivity between individual species. Rather, our goal was to monitor general data on the sensitivity of fungi to urea. For that no statistical analyses were calculated. Table 1 presents the scientific names of the tested oomycota and fungi and their growth in the control (without tested nutrients) after 4 days expressed as the colony diameter. Figures 1-3 show the relative growth, expressed in percentage, of the fungi in comparison with the control as presented in Table 1 ; in this manner, growth inhibition or stimulation are shown more transparently than by absolute numbers.
rESUltS
At the rate of 0.06M, urea inhibited the growth of almost all of the fungi more effectively than ammonium nitrate. Botrytis cinerea was most sensitive to urea (Figure 1) (Figure 2 ). The growth of other fungi was also inhibited more than by the rate of 0.06M. Surprising was the high stimulation of G. graminis by ammonium nitrate (215%) which was even higher than at the rate 0.06M (177%). Inhibition of most of other fungi was minimal.
The concentration of 0.6M of urea completely inhibited the growth of all the fungi, with exception of F. solani, S. nodorum and two of the four strains of F. oxysporum (Figure 3) . Ammonium nitrate had the lowest effect on the growth of fungi. It stimulated the growth of G. graminis, but less than at its lower rates, and it had no effect on a. niger and Stemphylium sp.
There was no synergistic effect of urea and ammonium nitrate at any concentration. The fungi were not inhibited more by the UAN variant than by urea alone.
The urease inhibitor NBPT did not decrease the toxicity of urea to fungi (Table 2) . colletotrichum acutatum Simmonds ex Simmonds 1968, which does not produce urease, was as sensitive to urea as other fungi. Nor did the urease inhibitor NBPT decrease the toxicity of urea to c. acutatum.
Urea and urea + urease inhibitor were equally toxic also to Macrophomina phaseolina Tassi (Goid.), P. ultimum and t. viride. 
Since the sensitivity of fungi to the tested substances can substantially vary among strains, the obtained data are valid for the tested strain and very approximately represent the sensitivity of each species -e.g. see the four F. oxysporum strains tested (Figures 1-3) . The role of the form of nitrogen on disease incidence and severity under field conditions was very intensively studied in the 1960's and 1970's (Huber & Watson 1974) . Bednářová (1978) discovered that growth of some strains of G. graminis was better on the medium with NH 4 + , while others grew better on NO -3 as the only nitrogen source. This revealed that the situation in the field is more complex; the effect of ammonium or nitrate fertilisers on the severity of take-all disease, and maybe also on other diseases, may depend on the proportion of the strains preferring NH 4 + or NO -3 . Strains of G. graminis vary in many other traits, e.g. in the ability to use sources of carbon, vitamins etc.
The positive effect of urea on the control of fungal diseases is complex, expressing itself differently in acidic or alkaline soils (Chang & Chang 1999) . Urease occurs in many bacteria, several species of yeast and a number of higher plants (Varner 1960) . The production of urease in fungi is very variable (Krátká -personal communication). If we accept the assumption that the toxic agent is NH 3 , the level of urea toxicity to fungi in pure cultures should depend on their own urease production. This was not confirmed in our trial (Table  2) . c. acutatum, which does not produce urease, was inhibited by urea. Further, the urease inhibitor NBPT did not diminish the growth inhibition of fungi by urea. The mode of the toxic action by urea may be more complex.
The addition of urea to acidic soil increases the concentration of NH 3 in that soil, which may enhance the activity of soil microorganisms antagonistic to a pathogen. Volatile ammonia can reach the fungitoxic level only in alkaline soils (Chang & Chang 1999) .
The high sensitivity of Ps. herpotrichoides to urea and UAN may be one of the reasons of the increased activity of fungicides containing benomyl if applied in mixtures with urea or UAN in early spring against eyespot disease in agricultural practice (Benada 1980) . Urea sprayed in the pre-leaf fall period increases the activity of saprophytic organisms and in this way it decreases both the survival of Venturia inaequalis (Cooke) Wint. 1897 and the primary infections of apple trees in the following spring (Schwabe 1979) . It is not known if there is also a direct toxic effect of urea on the pathogen. Figure 3 . Growth of fungi on 0.6M urea, ammonium nitrate and UAN presented in percentage of control
Based on the presented data we reached the following conclusions: -urea is, or produces, a toxic agent; -ammonium nitrate is a source of nitrogen in ammonium and nitrate form; -UAN -no synergistic effect of both its compounds to fungi was detected. Its effects combine the toxicity of urea and those of ammonium nitrate; -application of urea in practice can decrease the populations of a pathogen not only by the stimulation of antagonists, but also by direct toxic effect. The tested concentrations 0.06-0.6M correspond to 0.36-3.6% (w/w) solution of urea and 0.64-6.4% UAN used as 75% equimolar water solution (w/w) of urea with ammonium nitrate used under trade name DAM 390. If the dilution and metabolisation under natural conditions is taken in account, the concentration 0.06M was too low to have a direct toxic effect on fungi. Higher rates should be preferred. After application on plants or on plant debris the concentration of urea is increasing due to water evaporation, while the concentration of extremely hygroscopic UAN is decreasing. Yet a solution that does not dry up is better able to penetrate into tissues. The control effect depends more on the applied rate than on the concentration.
Liquid fertilisers never reach the same control level as modern pesticides. In agricultural practice their positive effect is restricted to special cases as e.g. mixtures with pesticides, combination of plant nutrition and pest control, or in ecological farming where urea may be better accepted for being more natural than synthetic fungicides like e.g. cuprous fungicides are. To use the positive direct toxic effect of fertilisers in practice, UAN has to be used against beetles and urea against fungi. r e f e r e n c e s
